for estimating common outcomes after operations for gallbladder cancer and extrahepatic cholangiocarcinoma.
Introduction
Gallbladder cancer and extrahepatic cholangiocarcinoma are rare. (1, 2) The American Cancer Society estimated 11,420 new cases of, and 3,710 deaths, from gallbladder cancer and extrahepatic cholangiocarcinoma in 2016.(3) Cure for both requires complete surgical resection with histologically negative margins. (1, 2) Surgical removal of many gallbladder cancers and most extrahepatic cholangiocarcinomas are operations associated with significant risk. Surgical resection for extrahepatic cholangiocarcinoma is associated with perioperative mortality of 3-17% and morbidity of 31-85%. Post-operative complications may include anastomotic leak or other deep space infection, sepsis, liver insufficiency, bleeding, venous thromboembolism, renal failure and others. (4, 5) Factors associated with perioperative complications include preoperative biliary stent, intraoperative drain placement, advanced age (>70 years) and weight loss at presentation.(4) Postoperative complications are associated with inability to provide adjuvant therapies and worse survival. (6, 7) The American College of Surgeons (ACS) recently established the National Surgical Quality Improvement Program (NSQIP) online risk calculator to help surgeons predict patientspecific risk for morbidity and mortality. The calculator was developed with data from 393 ACS NSQIP hospitals and was based on 1,414,006 patients including 1,557 unique CPT codes. The online risk calculator allows for input of 21 preoperative factors including patient demographics and comorbidities. Data entry is a rapid process on an open and unrestricted website, and estimates of adverse outcomes are provided immediately. The model was demonstrated to have good performance for mortality, morbidity and six additional complications and performs similarly to other procedure-specific risk calculators. (8) The objective of this study is to assess use of the ACS NSQIP calculator for patients undergoing operation for gallbladder cancer and extrahepatic cholangiocarcinoma. The ACS NSQIP calculator was accessed online at http://riskcalculator.facs.org/ on August 26 th and 27 th , 2016. Individual patient data and Current Procedural Terminology (CPT) codes were entered into the calculator, and estimated risks were recorded in a database for each patient, specifically estimates for surgical site infection, death, reoperation, readmission and length of stay. Estimates of risk from the calculator are presented to the user as percentage risk of the event occurring.
Patients and Methods
At the time of analysis, the calculator required entry of the following factors: procedure type, age, sex, functional status, emergency case, ASA classification, steroid use, ascites, sepsis, ventilator status, disseminated cancer, insulin and non-insulin dependent diabetes mellitus, hypertension, congestive heart failure, dyspnea, current smoker, severe COPD, dialysis dependence, acute renal failure, height and weight. Definitions of each category may be found on the risk calculator website. For patients with a preoperative risk calculator factor missing, risk was assumed to be at the lowest risk level.
The estimated risk for each outcome was then compared to actual patient outcomes. The following calculator outcomes were included in the study: surgical site infection, mortality, readmission, return to the operating room and length of stay. Additional calculator outcomes were not analyzed as they were not included in the USE-BMC dataset. Demographics and clinical characteristics were summarized using descriptive statistics (median and range for continuous variables, frequency for categorical variables). Logistic regression models were used to determine the association between the actual outcome and the calculated risk using the ACS NSQIP calculator. The ability of the ACS NSQIP calculator to accurately predict a particular outcome was assessed using the c-statistic, also known as the area under the curve (AUC) of a receiving operating characteristic curve, and the Brier score. The Brier score simultaneously reflects discrimination and calibration and is calculated as the mean squared difference between a patient's predicted probability and observed outcome. A Brier score of 0 represents perfect prediction and the cutoff at which a model is no longer informative is determined partially based on incidence in the sample.(9, 10) Two sub-group analyses were performed, one for patients undergoing liver surgery including partial lobectomy, total left lobectomy and total right lobectomy and trisegmentectomy, and one for patients who underwent pancreas surgery including standard and pylorus-sparing Whipple procedures.
Patients were excluded who did not have complete tumor resection for cure. Also, the following operations were excluded as they are not included in the ACS NSQIP risk calculator: liver transplantation and diagnostic laparoscopy.
All statistical analyses were conducted using SAS for Windows® Version 9.2 (SAS Institute Inc., Cary, NC), although ROC curves were plotted using the pROC package in R v. 3.0.1. (Vienna, Austria).
Results
Eight-hundred and fifty-four patients with gallbladder cancer, or distal or hilar cholangiocarcinoma, who underwent curative-intent, complete resection between January 1, 2000 and December 31, 2014 was compiled by the USE-BMC ( Table 1 ). The majority of patients underwent hepatic resection including partial lobectomy (254, 29.7%), trisegmentectomy (118, 13.8%), total left lobectomy (62, 7.3%) or total right lobectomy (41, 4.8%) or pancreatic head resection including standard pancreaticoduodenectomy (132, 15.5%) and pylorus-preserving pancreaticoduodenectomy (105, 12.3%). Additionally, a minority of patients underwent resection of extrahepatic bile duct tumor (104, 12.2%), cholecystectomy alone (36, 4.2%) or exploratory laparotomy (2, 0.2%). Median age of included patients was 67 (range: 24-94) years old. There were 319 (37.4%) patients with gallbladder cancer, 281 (32.9%) with hilar cholangiocarcinoma and 254 (29.7%) with distal cholangiocarcinoma. There were 420 (49.2%) males and 434 (50.8%) females. The majority of patients were fully independent at the time of their operation (684, 80.1%). Only 8 (0.9%) underwent emergency surgery. The majority of patients were ASA Class 2 (205, 24%) and ASA Class 3 (377, 44.1%). The majority of patients were not on chronic steroids (759, 88.9%), did not have ascites (776, 90.9%), did not have systemic sepsis (808, 94.6%), were not ventilator dependent (764, 89.5%), did not have severe COPD (739, 89.5%), were not on dialysis (765, 89.6%) and did not have acute renal failure (759, 88.9%). There were 105 (12.3%) patients with diabetes on oral medication and 55 (6.4%) on insulin. Patients were median height of 169 (100-196) centimeters tall and weighed a median of 76 (37-164) kilograms.
Actual event occurrence (n and percent) for all patients is displayed alongside median predicted risk (median percent predicted risk and minimum and maximum predicted risk) in Table 2 . Of note, this information is provided to help describe the cohort but these numbers should not be directly compared since one is a median and one a proportion. For the outcomes surgical site infection, death, reoperation and readmission, the percent of patients who actually had an event was higher than the median percent predicted risk in the entire cohort and in groups of patients who underwent liver and pancreas surgery ( Table 2) Percent predicted risk between those who did and did not have an event are compared for the entire cohort in Table 3 . For all outcomes, the percent predicted risk was higher for the group of patients that did have the event than for those who did not have the event. The odds ratios presented here are the odds of having an actual event for each one percent increase in estimate of risk from the risk calculator. The odds ratios are significant for all measured outcomes: surgical site infection (1.08), death (1.24), reoperation (1.44) and readmission (1.03). The c-statistics for surgical site infection (0.635), reoperation (0.680) and readmission (0.565) are less than 0.7. The c-statistic for death is 0.740. The ROC curves are demonstrated in Figure 1 . The upper limits at which the Brier scores are useful for interpretation are listed in the final column of Table 3 . The Brier score for death is equal to the upper limit at which the score is useful (0.021), while the scores for surgical site infection (0.165 < 0.170), reoperation (0.059 < 0.063), and readmission (0.157 < 0.158) are close to the upper limit.
For the liver surgery group percent predicted risk between those who did and did not have an event are compared Table 3 . For all outcomes, the percent predicted risk was higher for the group of patients that did have the event than for those who did not have the event.. The odds ratios are significant for all measured outcomes: surgical site infection (1.14) , death (1.20), reoperation (1.47) and readmission (1.08). The c-statistics for surgical site infection (0.653), reoperation (0.686) and readmission (0.565) are less than 0.7. The c-statistic for death is 0.758. The upper limits at which the Brier scores are useful for interpretation are listed in the final column of Table 3 . The Brier score for death is just above the upper limit at which the score is useful (0.025 > 0.024), while the scores for surgical site infection (0.162 < 0.172), reoperation (0.063 < 0.067), and readmission (0.160 < 0.162) are close to the upper limit.
For the pancreas surgery group percent predicted risk between those who did and did not have an event are compared in Table 3 . For all outcomes, the percent predicted risk was higher for the group of patients that did have the event than for those who did not have the event. The odds ratios are significant for death (1.35) and reoperation (1.50) and were not significant for surgical site infection (1.02) and readmission (1.00). The c-statistics for surgical site infection (0.543) and readmission (0.505) are less than 0.7. The c-statistic for death is 0.704 and for reoperation is 0.702. The upper limits at which the Brier scores are useful for interpretation are listed in the final column of Table 3 . The Brier scores for readmission (0.146) and surgical site infection (0.193) are equal to the upper limit, while the scores for reoperation (0.065 < 0.67), and death (0.016 < 0.017) are close to the upper limit.
Discussion
This study compares estimated risk of surgical site infection, death, reoperation and readmission using an online risk calculator to actual outcomes for 854 patients from the United States Extrahepatic Biliary Malignancy Consortium. The estimates of risk were variable in terms of accuracy and generally calculator performance was poor… When percent predicted risk was compared between those patients who did and did not have an event, patients who did have an event had higher median percent predicted risk. For all outcomes, the Brier scores are either at, or close to, the upper limit at which the model can be considered useful. One might conclude the calculator is limited in usefulness for some operations and some patients The majority of patients in this cohort underwent hepatectomy (partial, trisegmentectomy, complete left, complete right) or Whipple procedures (standard or pylorus-preserving pancreaticoduodenectomy). The calculator performed similarly in these patient populations as in the entire cohort.
The utility of the c-statistic in the evaluation of risk-adjustment models in surgery has been previously questioned. It has been demonstrated that use of the c-statistic can lead to incorrect model conclusions as case mix is restricted and patient-level risk for morbidity and mortality becomes more similar.(11) While models are typically considered reasonable when the c-statistic is higher than 0.7 and strong when it is >0.8, as patient groups become more focused and homogenous the c-statistic decreases, but this does not coincide with a decrease in model performance. (11) On the other hand, the Brier score reflects both calibration and discrimination simultaneously and may be a more reasonable measure of model quality. A model that perfectly predicts the outcome would have a Brier score of 0 and the cutoff at which a model is no longer informative is determined partially based on incidence in the sample.(9, 10) When considering the Brier score this model performed poorly for most outcomes in the entire cohort and in the liver and pancreas surgery groups.
Risk of postoperative pancreatic fistula is one of the primary concerns after Whipple. Body mass index and pancreatic duct width are independently associated with postoperative pancreatic fistula, and a model incorporating these two preoperative factors has a c-statistic of 0.832 (p<0.001) for predicting postoperative pancreatic fistula.(12) A second model developed from single-center data incorporated other factors including main pancreatic duct index <0.25, away from portal vein on computed tomography, disease other than pancreatic cancer, male gender and intraabdominal thickness with a c-statistic of 0.834 for predicting postoperative pancreatic fistula.(13) Postoperative pancreatic fistula is not included in the ACS NSQIP risk calculator as it is designed to predict outcomes that are more universally relevant. Both surgical site infections and readmissions may be secondary to postoperative pancreatic fistulas, which are not captured by the risk calculator.
A score for 30-day mortality in pancreaticoduodenectomy patients using the NSQIP database incorporates hypertension with medication, history of cardiac surgery, age greater than sixty-two years old, bleeding disorder, albumin less than 3.5, disseminated cancer, use of steroids and systemic inflammatory response syndrome. Although this model is based on a similar data set and incorporates some of the same factors as the ACS NSQIP risk calculator, the reported c-statistic of this model is only 0.71. (14) The c-statistic of the ACS NSQIP risk calculator in all patients was reported to be 0.944 for mortality. (8) It has also been demonstrated that Whipple-specific complications, including postoperative pancreatic fistula, lead to an increase in actual length of stay beyond what the ACS NSQIP risk calculator predicts. (15) Limitations of this study include the retrospective cohort design and modest sample size limiting statistical analysis for important subgroups. The USE-BMC cohort is substantially more homogenous than the population used to develop the risk calculator -all included patients have extrahepatic biliary malignancy and were treated at a large, academic medical center. These patients may have baseline higher risk of morbidity and mortality than the general population. It has been previously reported that morbidity and mortality in the NSQIP population varies based on etiology of disease -benign versus malignant -for hepato-pancreato-biliary (HPB) surgery.(16) A further limitation is that some patients (<5% for any variable) had missing data and the online calculator requires entry for all input variables. In these instances, we chose to use the lowest risk level for the variable since many patients with excess comorbid risks are not offered pancreatectomy or major hepatectomy. This will limit the ability to draw the conclusion that the calculator consistently underestimates risk.
Proper risk stratification for outcomes like readmission, SSI and mortality are critical to allow pre-operative optimization and to adequately counsel patients about risk and potential benefit.. Readmissions are an economic burden to the healthcare system.(17) SSIs increase morbidity and are associated with increased length of stay, increased readmissions and increased use of hospital resources. (18, 19) Surgical site infections are also "never events," and associated care is not reimbursable by Medicare. (20) Furthermore, development of a surgical site infection is associated with decreased administration of adjuvant chemotherapy and worse oncologic outcomes after HPB surgery. (6, 7, 21, 22) An ideal risk stratification tool uses easy to identify factors for accurate risk assessment, and the variables used in the ACS NSQIP risk calculator are commonly known. The low accuracy of the calculator for estimating risk of SSI and readmission underscores the importance of developing site-and procedure-specific risk calculators and for subsequent validation studies.. The number of complications seen in the USE-BMC database is sobering since this represents the collective experience of ten high volume academic centers. Given this, the authors suggest caution for instances in which low estimation of risk by the online calculator or any source may be inaccurate.. While the calculator allows input of multiple operations, it does not provide the user with any information about potential variable accuracy based on the operation one has queried. If there are operations for which the calculator is less accurate than others, a notification about this would be of benefit to users. For instance, solid organ transplant operations are not allowed to be input, and is the reason for this that calculator accuracy for these operations is low? Continued validation and modification of the calculator may improve performance for other outcomes and for other patient subgroups, especially those with malignancy and those undergoing higher risk operations. If median risk is used as the threshold of concern, using the calculator to estimate risk in this cohort would miss more than half of complications.. Our initial interest in validating the calculator stemmed from its' use in the ambulatory setting. We were uncertain if the calculator's classification of increased risk as estimated percentage risk higher than average was the best or most accurate threshold of concern. Perhaps a lower threshold should be used in the case of more intense pre-operative evaluation or "prehabilitation" and a higher threshold used to refuse operation in the case of potentially prohibitive risk. We recommend ACS-NSQIP consider providing information to calculator users regarding which operations have more or less accuracy in validation studies and consider offering different levels of concern for estimated risk. 
